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) 2 , $\nabla n_{0}(x)$ ( $x$ ) ( $y$ )
$v$ , $E=\nabla\psi$ ( $\psi$ : )
$v\cross B$ $E\cross B$
. , ,
$\prime v\cross f\hat{z}$ ( $f$ : . ) , .
.
, 2+1 , Hasegawa-
Mima (HM) $[2, 3]$ , Charney [4] .
$(\partial/\partial t)(\nabla^{2}\psi-\psi)+v_{d}(x)\partial\psi/\partial y+[\psi, \nabla^{2}\psi]=0$ . (1)
. $\psi$ , $\nabla^{2}=\nabla\cdot\nabla$ 2 Laplace
$(\nabla=(\partial/\partial x, \partial/\partial y)$ 2 gradient ) , $\nabla^{2}\psi$ ,
. ,
$v_{d}(x)=-(\ln n_{0}(x))’$ . $[\psi, a]=(\partial\psi/\partial x)(\partial a/\partial y)-(\partial a/\partial x)(\partial\psi/\partial y)$ ,
, Poisson , ( 1 ) $E\cross B$
: $(\hat{z}\cross\nabla\psi)\cdot\nabla a=[\psi, a]$ . ( 2) , $[\psi, \psi]=0$ ,
, $a=F(\psi)$ , $[\psi, a]=0$ , $F’(\psi)[\psi, \psi]=0$ . (
3) $x$ $y$ , $w’(x)\partial b/\partial y=[w(x), b]$
, $q=\nabla^{2}\psi-\psi-\ln n_{0}(x)$ , HM ,







$(\partial/\partial t+v\cdot\nabla)v=\nabla\psi+v\cross\hat{z}$ , $\partial n/\partial t+\nabla(nv)=0$ , (3)
. , 1 , $E\cross B$
$v_{1}=\nabla\psi\cross\hat{z}$ . , $v\cdot\nabla v=(1/2)\nabla v^{2}+v\cross(\nabla\cross v)$
, , $z$ ( $\hat{z}$ . rot $=\hat{z}\cdot\nabla\cross$ ) . 2
, $\Omega=\hat{z}\cdot\nabla\cross v$ ( , $\nabla\cross v=\Omega\hat{z}$ ) , $(\partial/\partial t)(1+\Omega)+\nabla((1+\Omega)v)=0$ , $($
$\Omega$ , 1 ) $\Omega$
. ( ) , $\nabla\cdot v$ ,
$(\partial/\ +v\cdot\nabla)(\ln(1+\Omega)-\ln n)=0$ , (4)
( , . ).
$v$ $v_{1}=\hat{z}\cross\nabla\psi,$ $|\psi|\ll 1$ , , $n=n_{i}\simeq n_{e}$ , (
) Boltzmann $n=n_{0}(x)\exp(\psi)$ , HM .
, [5]. ,
, $H=1+\psi$ ) $|\psi|\ll 1$ , , $v$
[6], $H$ , .
$(\partial/\partial t+v\cdot\nabla).v=-g\nabla\psi+fv\cross\hat{z}$, $\partial H/\partial t+\nabla(Hv)=0$ , (5)
$g$ . . $f$ $<f>$ ,
, 1 , $v_{1}=\nabla\psi\cross\hat{z}$ . ,
, ,
$(\partial/\partial t+v\cdot\nabla)(\ln(f+\Omega)-\ln(1+\psi))=0$ , (6)
, $v$ $v_{1}$ , $|\psi|\ll 1$ , $<f>$ ,
Charney (HM ) .
,
, , ,
[7] , , (Great
Red Spot) [8, 9, 10] , .
, Larichev Reznik ( dipole)
( modon )[11] ,
$\psi=\{\begin{array}{l}A_{1}If_{1}(\beta r/r_{0})cos\theta(B_{1}J_{1}(\beta r/r_{0})+Cr)cos\theta\end{array}$ $forr\geq rforr\leq r_{0}^{0}’$
,
(7)
$A_{1}=r_{0}u/K_{1}(\beta),$ $B_{1}=-(\beta^{2}/\gamma^{2})(r_{0}u/J_{1}(\gamma)),$ $C=(1+\beta^{2}/\gamma^{2})u$ ,
, $I\zeta_{1}$ Bessel , $J_{1}$ Bessel , $\beta$ $\gamma$ ,
$\frac{K_{2}(\beta)}{\beta I\zeta_{1}(\beta)}=-\frac{J_{2}(\gamma)}{\gamma J_{1}(\gamma)}$, . , $\beta^{2}/\gamma^{2}\equiv 1-(v_{d}/u)$ ,
$(\beta, \gamma)$ . , .
40
$\betaarrow 0$ ( $uarrow v_{d}$ : Euler ) , $J_{1}(\gamma)=0,$ $\gamma=\gamma_{n},$ $n=1,2,$ $\cdots$ ,
$\betaarrow\infty$ ( $uarrow 0$ : ) , $J_{2}(\gamma)=0,$ $\gamma=\gamma_{n},$ $n=1,2,$ $\cdots$ .
[12].
$K_{\nu}( \frac{\beta r}{r_{0}})\sim\sqrt{\frac{\pi r_{0}}{2\beta r}}e^{-(\beta r/ro)}\sum_{n=0}^{\infty}(\frac{\beta r}{r_{0}})^{n}\frac{\Gamma(\nu+n+\frac{1}{2})}{n!\Gamma(\nu-n+\frac{1}{2})}$, $\frac{\beta^{2}}{\gamma^{2}}\equiv 1-\frac{v_{d}}{u}>0$ ,
, $u$ , $\{\begin{array}{l}u>v_{d}v<0\end{array}$ ,




$\psi(r_{P})=\{\begin{array}{l}1.28r_{P}u,\betaarrow 00.07r_{P}^{3}(u-v_{d}),\betaarrow\infty\end{array}$ $\Gamma p=\{\begin{array}{l}0.55r_{0},\betaarrow 00.32r_{0},\betaarrow\infty\end{array}$
, $r_{P}$ .
, , [13].
[14] , , .
, $r=r_{0}$ , (
, 3 ) .
, , 2 ,
, “rider” [15] .
$\psi=\{\begin{array}{l}A_{0}K_{0}(\kappa r)+A_{1}I\zeta_{1}(\kappa r)cos\theta B_{0}J_{0}(\rho r)+\Gamma+(B_{1}J_{1}(\rho)+Cr)cos\theta\end{array}$ $forr\leq r_{0}^{0}forr\geq r$
,
(8)
$A_{0}= \frac{\rho J_{1}(\rho r_{0})\Gamma}{\rho J_{1}(\rho r_{0})K_{0}(\kappa r_{0})-\kappa K_{1}(\kappa r_{0})J_{0}(\rho r_{0})}$ $B_{0}=A_{0} \frac{\kappa K_{1}(\rho r_{0})}{\rho J_{1}(\rho r_{0})}$ ,
$A_{1},$ $B_{1},$ $C$ . , 2 $r=r_{0}$ $[\nabla^{2}\psi]|_{r=r\text{ }}$
, .
$[ \nabla^{2}\psi]|_{r=\Gamma\text{ }}=\frac{\kappa If_{0}(\kappa r_{0})J_{1}(\rho r_{0})+\rho J_{0}(\rho r_{0})K_{1}(\kappa r_{0})}{\rho J_{1}(\rho r_{0})K_{0}(\kappa r_{0})-\kappa K_{1}(\kappa r_{0})J_{0}(\rho r_{0})}\rho\kappa\Gamma$ .
( $y$ $u$ ) , 2
. $\partial a/\partial t=-u\partial a/\partial y=[-ux, a]$, , , $[\psi-ux, q]=0$ , ,
$F(\xi)$ , $q=F(\psi-ux)$ , $\nabla^{2}\psi=\psi+\ln$ no $(x)+F(\psi-ux)$ ,




Larichev-Reznik (LR)(1976) [11] 4
1(i) ,
$F$ .
$\psiarrow 0$ as $r=\sqrt{x^{2}+y^{2}}arrow\infty$ , (9)
, $F(\xi)=-\ln n_{0}(-\xi/u)=-v_{d1}/u$, . ,
HM , $-\ln n_{0}(x)=v_{d1^{X}}$ .
1(ii) $F$ , , Bessel .
$\nabla^{2}\psi=(1-v_{d1}/u)\psi$ , $\kappa^{2}\equiv 1-v_{d1}/u>0$ , (10)
, . $(r, \theta)$ ,
, , $\psi=\sum_{n=0}^{\infty}A_{n}K_{n}(\kappa r)\cos n\theta$ , ) $\kappa$
, $K_{n}(\kappa r)$ Bessel . ,
$\psi=A_{1}If_{1}(\kappa r)\cos\theta$ , (11)
. , $A_{1},$ $\kappa$ , ( , u) 2 .
1(iii) $r=0$ , , $r=r_{0}$
, . , ,
$F(\xi)=-(1+\rho^{2})\xi$ , . ,
$\nabla^{2}\psi=-\rho^{2}\psi+(\kappa^{2}+\rho^{2})ux$ , (12)
, , , $\psi=\Sigma_{n=0}^{\infty}B_{n}J(\rho r)\cos n\theta+(1+\kappa^{2}/\rho^{2})ux$,
Bessel $J_{n}$ . , $B_{n},$ $(n=0,1,2, \cdots)$ $\rho$ ,
$J_{n}(\rho r)$ Bessel . ,
$\psi=B_{1}J_{1}(\rho r)\cos\theta+(1+\kappa^{2}/\rho^{2})ur\cos\theta$ , (13)
. , $B_{1},$ $\rho,$ $r_{0}$ 3 .
1(iv) , ,
, . , , .
(a). ( ) , ( ) .
(b). .
(a) $\psi|_{r=r\text{ }+0}=\psi|_{r=r\text{ }-0}$ , $\nabla\psi|_{r=r\text{ }+0}=\nabla\psi|_{r=r\text{ }-0}$ ,
(b) $\psi_{-ux|_{r=r\text{ }+0=\psi-ux|_{r=r\text{ }-0}=\phi_{c}(=}}$ ).
, , , 3 . 5 $A_{1},$ $B_{1}$ ,
$\kappa,’\rho,$ $\gamma_{0}$ , $A_{1},$ $B_{1}$ , 1 . ,
. ( , $\beta=\kappa r_{0},$ $\gamma=\rho r_{0}$ . )
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2. .
2(i) , $\varphi=\varphi(x,$ $\ovalbox{\tt\small REJECT}$ $\psi_{0}(x)$
$\psi=\psi_{0}(x)+\varphi$ [9]. , [16]
,
$\psiarrow\psi_{0}(x)$ as $r=\sqrt{x^{2}+y^{2}}arrow\infty$ , (14)
. , $G$ .
$\psi_{0}’’(x)=ux+\ln n_{0}(x)+G(\psi_{0}(x)-ux)$ . (15)
, $G$ $\xi=\psi_{0}(x)-ux$ $x$ $x=X_{0}(\xi)$
, . $0$ , $\psi_{0}(x)$ .
$G(\xi)=-uX_{0}(\xi)-\ln n_{0}(X_{0}(\xi))+\psi_{0}’’(X_{0}(\xi))$. (16)












$\phi_{0}(x)$ ( $\psi=\psi_{0}(x)$ $\varphi=0$ ) , Tayler .
$\nabla^{2}\varphi=\sum_{k=1}^{\infty}\frac{a_{k}(x)}{k!}\varphi^{k}$ , $a_{k}(x)= \frac{a_{k-1}’(x)}{\psi_{0}’(x)-u}$ , $a_{1}(x)= \frac{\psi_{0}’’’(x)-u-n_{0}’(x)/n_{0}(x)}{\psi_{0}’(x)-u}$ . (18)
$a_{k}(x)$ , $x=X_{0}(\phi_{0}(x))$ , $\psi_{0}(.\prime Y_{0}(\xi))-X_{0}(\xi)=\xi$
. $\psi_{0}(x)$ ,
$u,$ $n_{0}(x)$ , .
2(iii) , , $m$ $0$
. ,
, $\psi_{0}(x)$ . .
$a_{l}(x)= \sum_{n=0}^{m-l-1}\frac{c_{m--n}}{n}!\phi_{0}(x)^{n}$ , for $1\leq l\leq m-1$ , ( ), (19)
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$a_{J}(x)=0$ , for $l\geq m-1$ , ( ). (20)
, , .
$[a1]$ , , $a_{1}(x)=0$ ,
2 .
$\psi_{0}^{n\prime}(x)=u+n_{0}’(x)/n_{0}(x)$ , $\nabla^{2}\varphi=0$ . (21)
, $\psi_{0}(x)=\frac{ux^{3}}{6}+\frac{v_{E2}}{2}x^{2}+v_{E1}x+v_{E0}+\int^{x}dx_{1}\int^{x_{1}}dx_{2}\ln n_{0}(x_{2})$ , ,
. $v_{E2},$ $v_{E1},$ $v_{E0}$ .
[a2] $a_{2}(x)=0$ ,
$\psi_{0}’’’(x)+c_{1}\psi_{0}’(x)=(1+c_{1})u+n_{0}’(x)/n_{0}(x)$ , $\nabla^{2}\varphi=c_{1}\varphi$ , (22)
, $\psi_{0}(x)=b_{1\text{ }1}cos’(x-x_{0})+b_{2}\sin\sqrt{c_{1}}(x-x_{0})$
$+ \int_{xo}^{x}dx_{1}\int_{x_{0}}^{x_{1}}dx_{2}\frac{\sin\sqrt{c_{1}}(x_{1}-x_{2})}{\sqrt{c_{1}}}((1+c_{1})u$ $\frac{n_{0}’(x_{2})}{n_{0}(x_{2})}I$ ,




$c_{1},$ $c_{2}$ , Korteweg-de Vries(KdV)
, .
2(iv) . ,
, . $v_{dm},$ $(m=1,2,3, \cdots, M)$ .
$v_{d}(x)=-( \ln n_{0}(x))’=\sum_{m=1}^{M}v_{dm}x^{m-1}$ . (25)
2 $(iv[al])a_{1}(x)=0$ , Laplace ,
. , ,
$\psi$ $=$ $- \sum_{m=1}^{M}\frac{(m-1)!}{(m+2)!}v_{dm}x^{m+2}+\frac{u}{6}x^{3}+\frac{v_{E2}}{2}x^{2}+v_{E1}x$
$+v_{E0}+ \beta_{0}\ln\frac{r}{r_{0}}+\sum_{m=1}^{M+2}\frac{\beta_{m}\cos m\theta}{r^{m}}$ , for $r\geq r_{0}$ , (26)
. $\beta_{m}(m=1,2, \cdots, M+2),$ $v_{E0},$ $v_{E1},$ $v_{E2},$ $u$ $M+6$ .
2(iv[a2]) $a_{2}(x)=0$ , Bessel ,
. ,
$\psi$ $=$ $A_{-2} \cos\kappa x+A_{-1}\sin\kappa x+\sum_{m=1}^{M}\sum_{l=0}^{[(m-1)/2]}(-1)^{l}\frac{(m-1)!v_{dm}}{(\backslash m-2l)!\kappa^{2(l+1)}}x^{m-2l}$
$+(u- \frac{u}{\kappa^{2}})x+A_{-3}+\sum_{m=0}^{M}A_{m}K_{m}(\kappa r)\cos m\theta$ , for $r\geq r_{0}$ , (27)
. $A_{m}(m=-3, -2, -1,0,1, \cdots, M),$ $u$ $M+5$ . $[a]$
$a$ (Gauss ).
2(v) 2 $(a_{1}(x)=0, a_{2}(x)=0)$ ,




. , $\rho,$ $\gamma$ . ,
$\psi$ $=$ $B_{-2} \cos\rho x+B_{-1}\sin\rho x+\sum_{m=1}^{M}\sum_{l=0}^{[m/2]}(-1)^{l+1}\frac{(m-1)!v_{dm}}{(m-2l)!\rho^{2(l+1)}}x^{m-2l}$
$+(u+ \frac{u}{\rho^{2}}Ix+\frac{\gamma}{\rho^{2}}+\sum_{m=0}^{\infty}B_{m}J_{m}(\rho r)\cos m\theta$ , for $r\leq r_{0}$ , (29)
. $B_{m}(m=-2, -1,0,1, \cdots),$ $\rho,$ $\gamma,$ $r_{0}$ ,
, $a_{1}(x)=0$ , $m=-2,$ $-1,0,1,$ $\cdots,$ $M+2$
$M+8$ , $a_{2}(x)=0$ , $m=-2,$ $-1,0,1,$ $\cdots,$ $M$ $M+6$ .
2(vi). , (a) (b) . $\theta$
, (a) 2 $(\partial\psi/\partial\theta)|_{r=r\text{ }+0=}(\partial\psi/\partial\theta)|_{r=r\text{ }-0}$ , (a)
1 , (b) , , $a_{1}(x)=0$ , $3M+9=$
$\prime 3(M+3)$ , $a_{2}(x)=0$ , $3M+3=3(M+1)$ .
, $\phi_{c}$ , $0$ $A_{-2},$ $A_{-1},$ $B_{-2},$ $B_{-1}$ ,
, , , $3M+9$ , $2M+13$ ($a_{1}(x)=0$ ),
$3M+3,2M+8$ ($a_{2}(x)=0$ ), .
,
. , , ,
( ) . ,
, , ,
, $a_{1}(x)=0$ , $3M+9\leq 2M+13$ , , $1\leq M\leq 4$ , , $a_{2}(x)=0$
, $3M+3\leq 2M+8$ , $1\leq M\leq 5$ , . , $A_{m},$ $B_{m},$ $\beta_{m}$
, ,
. $a_{1}(x)=0$ , $M+4=3M+9-(2M+5)$ , $a_{2}(x)=0$ ,
$M+1=3M+3-(2M+2)$ . $M$ 1 , 1 .
$M$ , $1\leq M\leq 4,5$
.
, .
2 $(vi[al]Ml)$ $(a_{1}(x)=0)$ , $M$ 1 . $M=1$ ,
, $v_{d}(x)=v_{d1}$ ( $=$ ) HM , $u\neq v_{d1}$ , $\psi-ux=$
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$\{\frac{\gamma’}{}+\beta+\frac{u-v_{d1}}{(r-r_{0}8}\frac{\rho_{\gamma^{2}}}{\rho^{2}}+\frac{u-o^{ln\frac{r}{r_{d}v^{0}}}1}{\rho^{2}}\frac{J_{1}(\rho r)(r^{3}-r}{J_{1}(\rho r_{0})})^{r_{cos\theta-\frac{(ur_{0}^{3}\frac{u-v_{d1}}{-v)24_{d1}}(}{4\rho r_{0}J_{2}(\rho r_{0})}J_{3}(\rho r)cos3\theta,forr\leq^{\geq_{r_{0}^{\gamma_{0}}}}}}o2)cos\theta+)cos3\theta,forr$ (30)
$J_{3}(\rho r_{0})=0$ , $\gamma r_{0}^{2}=\beta_{0}(2-\frac{(\rho r\text{ })^{2}}{4})$ , . $u=v_{d1},$ $v_{E2}\neq 0$ , $\psi-ux=$
$\{\phi_{c}+\frac{v_{E2}}{\frac,\rho^{\gamma_{2}^{4}}}(r^{2}-\frac{v_{E2}}{)^{4_{-}}}\cos 2\theta forr\geq r_{0}\phi^{c}+(1-\frac{J_{o^{0}(\rho r)}^{r^{2})+}}{J_{0}(\rho r_{0})}\frac{(r^{2}-\frac{r_{0}^{4}}{r_{0}^{r_{2^{2}}}})v_{E2}}{\rho r_{0}J_{1}(\rho r_{0})}J_{2}(\rho r)\cos 2\theta,for’ r\leq r_{0}$
,
(31)
$J_{2}(\rho r_{0})=0$ , . $u=v_{d1},$ $v_{E2}=0,$ $v_{E1}\neq v_{d1}$ , $\psi-ux=$
$\{\phi_{c}+(v_{E1}-\frac{\gamma}{\rho^{2}}+(-\frac{\gamma}{\rho^{2}}+^{d1}\phi_{c})\frac{J_{0}^{-}(r)\frac{r_{0}^{2}}{\rho^{r}})}{J_{0}(\rho r_{0})}+2\frac{\theta,forr\geq_{)r^{\Gamma_{0^{0}}}}(v_{E1}-v_{d1}}{\rho r_{0}J_{0}(\rho r_{0})}J_{1}(\rho r)\cos\theta v)(rcos$
,
for $r\leq r_{0}$ ,
(32)
$J_{1}(\rho r_{0})=0$ , . , [17] , .
2 (vi $[a1]$M2) $M=2$ , , $v_{d}(x)=v_{d2^{X}}+v_{d1},$ $(v_{d2}\neq 0)$ , ( )
. $u=v_{d1}=v_{E1}$ , $\psi-ux=$
(33)
$J_{4}(\rho r_{0})=0$ , $\beta_{0}+B_{0}\rho r_{0}J_{1}(\rho r_{0})=v_{d2^{\Gamma_{0}^{4}}}(\frac{1}{48}-\frac{1}{2\rho^{2}r_{0}^{2}})$ , .
2(vi $[a1]M3$ ) $M=3$ , $v_{d}(x)=v_{d3}x^{2}+v_{d1}$ ,
$(v_{d3}\neq 0)$ , . $\psi-ux=$
(34)
$u=v_{d1}+v_{d3}r_{0}^{2}/8$ , $v_{E1}=v_{d1}+(v_{d3}r_{0}^{2}/8)(1-r_{0}^{2}/24)$ , (35)
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$J_{5}(\rho r_{0})=0$ , .
$2(vi[al]M4)M=4$ , $v_{d}(x)=v_{d4}x^{3}+v_{d2}x+v_{d1},$ $v_{d4}\neq 0,$ $v_{d2}v_{d4}<0$ ,
, . $u=v_{d1}=v_{E1}$ , , $\psi-ux=$
(36)
$J_{6}(\rho r_{0})=0$ , $r_{0^{=-41}}^{2\underline{2v}}$ .
$3v_{d4}$
2 $(vi[a2]Ml)$ Bessel , $(a_{2}(x)=0)$ , $M$
1 . $M=1$ , , $v_{d}(x)=v_{d1}$ ( $=$ ) HM ,
$\psi-\dot{u}x=$
$\{\frac{v_{d2}}{\frac{4\kappa v_{d2^{2}}}{\rho^{4}}}+AK_{0}(\kappa r)+(A_{1}K_{0^{1}}(\kappa r)_{B_{1}^{-}J}\frac{u-v_{d1}}{1(\rho r)+\kappa^{2}}\theta,forr\geq r_{0}-\frac{u-vA+_{d2}}{4\rho^{2}}r+\frac{\gamma}{\rho^{2}}+B_{0}J_{0}(\rho r)+(\frac{r_{u})_{-v_{d1}}\cos}{\rho r_{0}^{2}}r)\cos\theta,for’ r\leq r_{0}$
,
(37)
$A_{0}= \frac{\phi_{c}-A_{3}}{K_{0}(\kappa r_{0})}$ , $A_{1}= \frac{r_{0}(u-v_{d1})}{\kappa^{2}K_{1}(\kappa r_{0})}$ $B_{0}= \frac{\phi_{c}-\gamma/\rho^{2}}{J_{0}(\rho r_{0})}$ $B_{1}=- \frac{r_{0}(u-v_{d1})}{\rho^{2}J_{1}(\rho r_{0})}$ , (38)
$\frac{K_{2}(\kappa r_{0})}{\kappa r_{0}K_{1}(\kappa r_{0})}=-\frac{J_{2}(\rho r_{0})}{\rho r_{0}J_{1}(\rho r_{0})}$ , $A_{0}\kappa r_{0}K_{1}(\kappa r_{0})=B_{0}\rho r_{0}J_{1}(\rho r_{0})$ , .
$2(vi[a2]M2)M=2$ , , $v_{d}(x)=v_{d2}x+v_{d1},$ $(v_{d2}\neq 0)$ , ( )
. $u=v_{d1}(=v_{E1})$ , , $\psi-ux=$
$\{\frac{v_{d2}}{\frac{4\kappa v_{d2^{2}}}{\rho^{4}}}+AK_{0}(\kappa r)+(A_{2}If_{0^{2}}(\kappa r)+_{2}\frac{v_{d2}}{J_{2}^{4\kappa^{2}}(}r^{2})\theta forr\geq r_{f^{0}orr\leq r_{0)}}-\frac{u-vA+_{d2}}{4\rho^{2}}r+\frac{\gamma}{\rho^{2}}+B_{0}J_{0}(\rho r)+(B\rho r)-\frac{cos2v_{d2}}{4\rho r_{0}^{2}}r^{2})\cos\theta$
,
(39)
$A_{0}= \frac{\phi_{c}-A_{3}-v_{d2}r_{0}^{2}/4\kappa^{2}}{If_{0}(\kappa r_{0})}$ , $A_{2}=- \frac{r_{0}^{2}v_{d2}}{4\kappa^{2}K_{2}(\kappa r_{0})}$ ,
$B_{0}= \frac{\phi_{c}-\gamma/\rho^{2}-v_{d2}/\rho^{4}+v_{d2}r_{0}^{2}/4\rho^{2}}{J_{0}(\rho r_{0})}$, $B_{2}= \frac{r_{0}^{2}v_{d2}}{4\rho^{2}J_{2}(\rho r_{0})}$
(40)
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$\frac{If_{3}(\kappa r_{0})}{\kappa r_{0}K_{2}(\kappa r_{0})}=-\frac{J_{3}(\rho r_{0})}{\rho r_{0}J_{2}(\rho r_{0})}$ , $A_{0} \kappa K_{1}(\kappa r_{0})-B_{0}\rho J_{1}(\rho r_{0})=\frac{v_{d2}r_{0}}{2}(\frac{1}{\kappa^{2}}+\frac{1}{\rho^{2}}I$ ,
. , .
2 $(vi[a2]M3)M=3$ , $v_{d}(x)=v_{d3}x^{2}+v_{d1}$ , $(v_{d3}\neq 0)$ ,
. $\psi-ux=$
(41)
$\frac{K_{4}(\kappa r_{0})}{\kappa r_{0}K_{3}(\kappa r_{0})}=-\frac{J_{4}(\rho r_{0})}{\rho r_{0}J_{3}(\rho r_{0})}$ ,
$(- \frac{2}{\kappa^{2}r_{0}^{2}}+\frac{u-v_{d1}}{v_{d3}r_{0}^{2}}-\frac{1}{4})\frac{K_{2}(\kappa r_{0})}{\kappa r_{0}K_{1}(\kappa r_{0})}+(\frac{2}{\rho^{2}r_{0}^{2}}+\frac{u-v_{d1}}{v_{d3}r_{0}^{2}}-\frac{1}{4})\frac{J_{2}(\rho r_{0})}{\rho r_{0}J_{1}(\rho r_{0})}=\frac{1}{2,}(\frac{1}{\kappa^{2}r_{0}^{2}}+\frac{1}{\rho^{2}r_{0}^{2}})$ ,
. , $u$ $r_{0}$ .
$2(vi[a2]M4)M=4$ , $v_{d}(x)=v_{d4^{X^{3}}}+\tilde{v}_{d2}x+v_{d1},$ $v_{d4}\neq 0$ , v\tilde d2
. $u=v_{d1}(=v_{E1})$ , , $\psi.-ux=$
(42)
$\frac{K_{5}(\kappa r_{0})}{\kappa r_{0}I\zeta_{4}(\kappa r_{0})}=-\frac{J_{5}(\rho r_{0})}{\rho r_{0}J_{4}(\rho r_{0})}$ ,
$-[ \frac{6}{\kappa^{2}r_{0}^{2}}+\frac{1}{2}+\frac{\tilde{v}_{d2}}{v_{d4}r_{0}^{2}}I\frac{K_{3}(\kappa r_{0})}{\kappa r_{0}If_{2}(\kappa r_{0})}+(\frac{6}{\rho^{2}r_{0}^{2}}-\frac{1}{2}-\frac{\tilde{v}_{d2}}{v_{d4}r_{0}^{2}}I\frac{J_{3}(\rho r_{0})}{\rho r_{0}J_{2}(\rho r_{0})}=\frac{1}{\kappa^{2}r_{0}^{2}}+\frac{1}{\rho^{2}r_{0}^{2}}$,
$A_{0} \kappa r_{0}K_{1}(\kappa r_{0})-B_{0}\rho r_{0}J_{1}(\rho r_{0})=\frac{v_{d4}r_{0}^{6}}{2}(\frac{1}{\kappa^{2}r_{0}^{2}}+\frac{1}{\rho^{2}r_{0}^{2}}I(\frac{3}{4}+\frac{\tilde{v}_{d2}}{v_{d4}r_{0}^{2}}’+6(\frac{1}{\kappa^{2}r_{0}^{2}}-\frac{1}{\rho^{2}r_{0}^{2}}I)$ , .
2 , $\tilde{v}_{d2}$ $v_{d4}$ , $\tilde{v}_{d2}$ $v_{d4}$ $r_{0}$
. 3 $A_{0}$ $B_{0}$ .
48
, , $M=1-4$, ,
, ,
, .
$M\geq 5$ , .
2 $(vi[a3])a_{3}(x)=0$ . ,
$d^{2}\varphi/dr^{2}+(1/r)(d\varphi/dr)=4\varphi-6\gamma\varphi^{2}$ , (43)
$\gamma=1.5946$ , $\varphi’(0)=0,$ $\varphi(\infty)=0$ (
) [18]. , ,
$\nabla^{2}\varphi=(e^{-xK_{T}}+|K_{n}|/u-\theta^{2}/u^{2})\varphi-(\theta^{2}/u^{2})(\theta^{2}/u^{2}+|K_{n}|/2u)\varphi^{2}$,
$K_{T}=0,0.01,0.1$ , ( $K_{n}=0.12,$ $\theta=0.1,$ $u=0.212,$ ) 2
[19], [9] (WKB $[8, 9]$ , 1
[20]) . , ,
, . $c_{1}\phi_{0}(x)+c_{2}>0$ , (for all $x$ ),
, , $\nabla^{2}\varphi\simeq(c_{1}\phi_{0}(x)+c_{2})\varphi$ , ,
. $c_{1}<0$ , $c_{1}\phi_{0}(x=0)+c_{2}+$ $c_{2}\varphi(r=0)>0$ , ,
$\nabla^{2}\varphi\leq 0$ , , , $(\partial\varphi/\partial r)|_{r=0}=0$, .
$M=4$ , $v_{d}(x)=v_{d4}x^{3}+v_{d3}x^{2}+v_{d2^{X}}+v_{d1}$ , $v_{d4}<0$ , $3v_{d2}v_{d4}>v_{d3}$ ,
,
$\phi_{0}(x)=\frac{v_{E2}}{2}(x-x_{0})^{2},$ $v_{B2}<0,$ $x_{0}=- \frac{v_{d3}}{3v_{d4}}$ , (44)
$c_{1}= \frac{2v_{d4}}{v_{E2}^{2}}<0,$ $c_{2}= \frac{v_{d2}-3v_{d4}x_{0}^{2}}{v_{E2}},$ $u=v_{d4}x_{0}^{3}+v_{d3}x_{0}^{2}+v_{d2}x_{0}+v_{d1}$ ,
, . , $v_{d}(x)=v_{d1}+v_{dc}sech\kappa x\tanh\kappa x,$ $v_{dc}<-\kappa^{2}$ ,
\phi 0(x) $=v_{E2}sech^{2_{\mathcal{K}X}}$ , $v_{E2}>0$ , $c_{1}=-12\kappa^{2}/v_{E2}$ , $c_{2}=4\kappa^{2}(1+3v_{E0}/v_{E2})$ , $u=v_{d1}$ ,




(i) ( $F$ ).
(ii) Bessel ( ).
(iii) $r=0$ . ( $F$ ).
(iv) , .
2. II.
(i) ( $G$ ).
(ii) .
(iii) . $a_{k}(x)=0$ .
/ $[a1]\alpha_{1}(x)=0,$ $[a2]a_{2}(x)=0,$ $[a3]a_{3}(x)=0$ .
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(iv) $[a1]$ , [a2] Bessel , ( ).
(v) $[al][a2]$ $r=0$ . ( $G$ ).
(vi) $[a1]M1-M4[a2]M1-M4$ , .
[a3] .
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